Background: We conducted a population-based cohort study to assess whether tamoxifen treatment is associated with an increased incidence of diabetes.
breast cancer risk among diabetes patients and have revealed that diabetes is associated with an increased risk of breast cancer (Larsson et al, 2007; La Vecchia et al, 2011; Cleveland et al, 2012; Hardefeldt et al, 2012) . Conversely, studies exploring the potential of a reverse relationship (i.e., subsequent development of diabetes after the diagnosis of breast cancer) have been limited (Lipscombe et al, 2006; Bordeleau et al, 2011; Lipscombe et al, 2012) . A previous Canadian cross-sectional study revealed that the prevalence of newly diagnosed diabetes is increased among prior breast cancer patients (Lipscombe et al, 2006) . In another nested case-control study, the authors observed that current tamoxifen therapy is associated with an increased incidence of diabetes in older breast cancer patients (Lipscombe et al, 2012) .
Tamoxifen is a selective oestrogen receptor modulator and binds to oestrogen receptor as partial agonist or antagonist in a manner depending on target tissue (Yeh et al, 2014) . It is one of the most widely used hormonal therapies and has proven effective in both early and advanced stages of breast cancer (MacGregor and Jordan, 1998) . More than 67% of breast cancers have been reported as being sensitive to tamoxifen therapy (Rakha et al, 2007; Yang et al, 2012) . In general, tamoxifen therapy is relatively tolerable with a fair adherence rate (Wigertz et al, 2012) . The welldocumented side effects of tamoxifen include thromboembolism, symptoms of menopause, and endometrial cancer (McCarthy, 2004; Amir et al, 2011; Lipscombe et al, 2012) . The risk of diabetes and tamoxifen use might plausibly be linked based on the observation of the oestrogen inhibition effect of tamoxifen and interactive roles of insulin and oestrogen (Bryzgalova et al, 2006; Lundholm et al, 2008; Rondini et al, 2011) .
Based on a review of the literature, no data are available on tamoxifen use and diabetes risk in premenopausal women diagnosed with breast cancer. We conducted this populationbased cohort study to determine the possible association of tamoxifen and diabetes among Asian female breast cancer patients aged 20 years or older.
MATERIALS AND METHODS
Data source. The National Health Insurance (NHI) Programme was established in Taiwan in 1995, and it covers B99% of the Taiwanese population and contracts with 97% of hospitals as well as 92% of clinics nationwide (department of health). The National Health Research Institutes maintains the National Health Insurance Research Database (NHIRD) and releases it annually to the public for research purposes. In this study, we used the registry for Catastrophic Illnesses Patient Database (CIPD). The NHI programme includes a catastrophic illness programme, in which insurants diagnosed with major diseases, such as cancers, chronic mental illness, and several autoimmune diseases, can enrol. The CIPD contains medical information including inpatient and outpatient care facilities, drug prescriptions, sex, date of birth, dates of visits or hospitalisations, and diagnoses coded in the format of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved by the Ethics Review Board of China Medical University (CMU-REC-101-012).
Study cohorts. In this cohort study, we selected 22 257 women aged 20 years or older, newly diagnosed with breast cancer (ICD-9-CM code 174) during the period of [2000] [2001] [2002] [2003] [2004] , from the CIPD as the case group, which was divided into two groups based on tamoxifen use status. Among them, 15 210 patients used tamoxifen and 7047 did not. The index date for each patient was the first prescription of tamoxifen. For each case patient, four control women were selected to form the control group, who were frequency-matched for age (in 5-year age bands) and index year.
A total of 89 028 subjects formed the cancer-free healthy control group. All participants with a history of type 2 diabetes or cancer before index the date were excluded from this analysis. They were followed up until they were diagnosed with type 2 diabetes (ICD-9-CM code 250.x2), or until the participants were censored because of loss to follow-up, withdrawal from the NHI system, or the end of 2011.
The sociodemographic factors studied included age and insured amount. Age was categorised into two levels: 20-54 and X55 (in years). Amount of insurance premium was categorised into three levels: o15 000, 15 000-29 999, and X30 000 New Taiwan dollars per month. We obtained records of comorbidities before the index date. The insurance premium amount of an individual was determined by her work salary. The comorbidities included coronary artery disease (CAD; ICD-9-CM codes 410-414), congestive heart failure (ICD-9-CM code 428), stroke (ICD-9-CM codes 430-438), hypertension (ICD-9-CM codes 401-405), and hyperlipidemia (ICD-9-CM code 272), which were potential confounders in the association between breast cancer and type 2 diabetes. Patients used steroids, thiazide diuretics, and statins before enrolment may influence glucose metabolism, and the information was also reviewed from the database.
Statistical analysis. We used chi-square test and t-test to compare the distributions of age (20-54 and X55 years) and comorbidities between the case and control groups. Survival analysis was evaluated using Kaplan-Meier analysis, and significance was determined using log-rank test. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using multivariable Cox proportional hazard regression model to assess the independent effect of tamoxifen treatment by adjusting for the other variables in the model. We also evaluated the effect of duration of tamoxifen therapy (p180 and 4180 days) on risk of type 2 diabetes among patients with breast cancer. All statistical analyses were performed by using SAS software Version 9.3 (SAS Institute, Inc.), and significance was determined by a two-tailed P-value o0.05.
RESULTS
Baseline demographic factors and comorbidities of study participants are listed in Table 1 , according to breast cancer status. The study included a cohort containing 22 257 women patients with breast cancer and 89 028 women individuals without cancer with a similar average age (50 years). Of these, 5079 and 7879 subjects were lost to follow-up in the breast cancer group and control group, respectively. Compared with the subjects without breast cancer, the patients with breast cancer exhibited a higher prevalence of lower insured amount (45.31% vs 20.05%), use of steroids (53.05% vs 47.65%), thiazide diuretics (16.20% vs 15.59%), and statins (5.24% vs 4.37%), and a lower prevalence of CAD (10.20% vs 10.72%), stroke (1.19% vs 1.40%), and hyperlipidemia (13.78% vs 14.39%). Overall, the median follow-up years were 7.73 years (range 0.002-11.98 years) in the breast cancer cohort and 7.73 years (range 0.002-11.96 years) in the non-cancer cohort.
Kaplan-Meier survival analysis indicated that patients with breast cancer exhibited significantly higher risk of type 2 diabetes than the cancer-free healthy control subjects did (log-rank test, Po0.001; Figure 1 ). Among breast cancer survivors, tamoxifen treatment was significantly associated with a higher risk of type 2 diabetes (log-rank test, P ¼ 0.01; Figure 2 ). The incidence rate of type 2 diabetes was higher in the cohort of breast cancer than that in the control group (13.13 vs 11.38 per 1000 person-years), with a HR of 1.14 (95% CI ¼ 1.08-1.20) when adjusting for age, insured amount, comorbidities, steroids, thiazide diuretics, and statins (Table 2) . Among breast cancer patients, only tamoxifen users exhibited a significantly increased risk of type 2 diabetes compared with the control group. In addition, a statistically significantly increased risk of type 2 diabetes was observed in breast cancer patients receiving tamoxifen treatment compared with those without tamoxifen treatment (adjusted HR ¼ 1.31, 95% CI ¼ 1.19-1.45). After age stratification, we observed that both younger (20-54 years) and older (X55 years) age groups of breast cancer patients exhibited a significantly higher risk of diabetes than the control group did, but the significant findings were limited to tamoxifen users. When we focused on breast cancer patients, both age groups of tamoxifen users exhibited a significantly increased risk of type 2 diabetes compared with their counterparts without tamoxifen treatment (Table 3) .
Compared with breast cancer patients without using tamoxifen, both breast cancer patient groups with p180 and 4180 days of tamoxifen therapy had significantly higher risks of type 2 diabetes, as shown in Table 4 (adjusted HR ¼ 2.12, 95% CI ¼ 1.83-2.44 and adjusted HR ¼ 1.20, 95% CI ¼ 1.08-1.33, respectively). Furthermore, we divided the breast cancer cohort into two subgroups according to aromatase inhibitor treatment to examine the combination effects of tamoxifen therapy and aromatase inhibitor BRITISH JOURNAL OF CANCER Tamoxifen use and diabetes treatment. We observed that only patients using tamoxifen-alone treatment had a significantly higher risk of type 2 diabetes than those without using tamoxifen and aromatase inhibitor treatment (adjusted HR ¼ 1.32, 95% CI ¼ 1.19-1.47). By contrast, patients with aromatase inhibitor treatment (regardless of tamoxifen use or not) had significantly lower risks of type 2 diabetes than those without any hormone treatment, as shown in Table 5 .
DISCUSSION
In this population-based study, we observed a significant 14% increased rate of developing diabetes in breast cancer survivors compared with non-breast cancer control subjects, but the significant difference was only observed in tamoxifen users. When we focused on breast cancer survivors, the adjusted analysis still revealed that tamoxifen group had a significantly increased risk of diabetes compared with the non-tamoxifen group. Our data highlight developing diabetes as a possible side effect of tamoxifen use. Previous studies have suggested that diabetes is an independent risk factor for breast cancer (Larsson et al, 2007; La Vecchia et al, 2011; Cleveland et al, 2012; Hardefeldt et al, 2012) . Conversely, few researchers have considered the reverse hypothesis that breast cancer patients have a higher risk of developing subsequent diabetes. Lipscombe et al first explored the prevalence of breast cancer in the prediabetes phase through a cross-sectional study and observed an increased prevalence of prior breast cancer in women with newly diagnosed diabetes. They concluded that breast cancer prevalence is increased in women who subsequently develop diabetes, supporting the hypothesis that insulin resistance promotes breast cancer in the prediabetes phase (Lipscombe et al, 2006) . Bordeleau et al (2011) observed that after a diagnosis of breast cancer, women exhibiting BRCA1 or BRCA2 faced a two-fold increase in the risk of diabetes. However, these highly selected patients were genetically predisposed to breast cancer and were more likely to be younger at diagnosis. A recent population-based retrospective cohort study focused on postmenopausal (X55 years) breast cancer survivors and highlighted a modest increase in the incidence of diabetes among this group (Lipscombe et al, 2013) . We enrolled both premenopausal and postmenopausal women and observed a significant 14% increased rate of developing diabetes in breast cancer survivors compared with non-breast cancer control women as an entire age group. Figure 1 indicates that the risk of diabetes among women diagnosed with breast cancer increased gradually over time, which is consistent with a previous study (Lipscombe et al, 2013) . To ensure an appropriate comparison with that study, we set the cut-off point at 55 years. Our results indicated that both younger and older Follow-up time (years) Cumulative incidence of type 2 diabetes Without using tamoxifen using tamoxifen Log-rank test, P -value = 0.01 Figure 2 . Cumulative incidence curves of type 2 diabetes in patients with breast cancer using and without using tamoxifen. women diagnosed with breast cancer were at higher risks than normal control subjects of developing diabetes. In addition to breast cancer, researchers have also considered the possibility that treatment of breast cancer might also promote diabetes. Another study revealed that tamoxifen therapy administered to older breast cancer survivors was associated with a significantly increased risk of diabetes (Lipscombe et al, 2012) . Tamoxifen was first approved by the Food and Drug Administration of the United States in 1977 for the treatment of women diagnosed with advanced breast cancer and several years later for the adjuvant treatment of primary breast cancer (Osborne, 1998) . Because it is the most commonly prescribed hormone therapy for breast cancer patients (Goldhirsch et al, 2005) , a low hazard-benefit ratio might have crucial clinical implications. This would be of interest to both the public and the medical profession. A large population-based study might clarify this uncertainty. Therefore, we conducted the current study to identify a relationship between tamoxifen use and diabetes risk.
Our analyses indicated that tamoxifen users were at a higher risk of developing diabetes compared with breast cancer patients who were not prescribed tamoxifen, regardless of age. This finding is partially consistent with the nested case-control study of Lipscombe et al (2012) , who investigated women older than 65 years diagnosed with early-stage breast cancer and observed that the current or recent past use of tamoxifen was associated with an increased incidence of diabetes in older patients, but remote use of tamoxifen (defined in their study as 4180 days but o5 years) was not associated with an increased likelihood of diabetes. Our study showed that tamoxifen users exhibited a significantly increased risk of diabetes when compared with subjects without breast cancer in both younger and older groups. In addition, both recent and remote uses of tamoxifen were associated with significantly higher risks of diabetes. The possibility that diabetes predisposes to breast cancer or that a common underlying factor may predispose to both diabetes and breast cancer is an issue which needs to be considered; however, it is less likely because Figure 2 illustrates increased diabetes risk for tamoxifen users among women diagnosed with breast cancer over time. Increased diabetes risk among tamoxifen users may be an oestrogen-receptor-positive breast cancer effect rather than a tamoxifen effect. To clarify this concern, we did a further analysis of joint effects of tamoxifen and aromatase inhibitor and found that only tamoxifen-alone group had a significantly increased risk. In fact, aromatase inhibitor seems to play a protective role in the development of diabetes among breast cancer patients, but further exploration of it is out of our current investigation. The underlying mechanisms of the possible link between tamoxifen use and diabetes risk remain unclear. It is plausible to assume that because oestrogen has been suggested to play a role in blood sugar control (Godsland, 2005; Bryzgalova et al, 2006; Lundholm et al, 2008; Liu and Mauvais-Jarvis, 2009; Tiano and Mauvais-Jarvis, 2012) . The oestrogen inhibition effect of tamoxifen may modulate the interactive role of insulin and oestrogen (Bryzgalova et al, 2006; Lundholm et al, 2008; Rondini et al, 2011) . A previous study disclosed that the oestrogen receptor alpha gene increases susceptibility to type 2 diabetes mellitus in Chinese women (Huang et al, 2006 ). An animal study also revealed that oestrogen can prevent insulin-deficient diabetes in mice (Le May et al, 2006) . Furthermore, tamoxifen use can lead to hypertriglyceridemia and fatty liver disease, both of which are features of insulin resistance and glucose intolerance (Elisaf et al, 2000; Sakhri et al, 2010; Lipscombe et al, 2013) . In addition, previous studies have indicated that type 1 insulin-like growth factor (IGF) is an independent prognostic marker for oestrogen-receptor-positive breast cancer patients treated with tamoxifen, because tamoxifen resistance was primarily mediated by IGF signalling activation (Fagan et al, 2012; Winder et al, 2014) , and tamoxifen treatment has been demonstrated to reduce IGF levels (Ho et al, 1998) ; conversely, low levels of IGF binding protein-1 have been suggested to predict the longterm development of type 2 diabetes in middle-aged populations (Lewitt et al, 2008; Petersson et al, 2009) .
Chemotherapy might also play a role in the initiation of diabetes among breast cancer patients, and Lipscombe et al (2013) observed that women who received adjuvant chemotherapy experienced a higher rate of diabetes within the first 2 years of breast cancer diagnosis compared with age-matched control subjects without cancer. To eliminate the possible confounding effect of chemotherapy, we adjusted for chemotherapy as well as other treatments in the analyses.
A strength of this study was the use of a population-based nationwide database; however, there were several limitations that warrant mention. First, selection bias might have existed based on the assumption that patients diagnosed with breast cancer or treated with tamoxifen tend to be monitored more closely with more opportunities for diabetes screening. However, this concern can be diminished because the risk of diabetes among breast cancer patients increased gradually over time whereas the influence of enhanced health care might be expected to be greater in the period after cancer diagnosis (Lipscombe et al, 2013) . Second, a survival bias cannot be completely excluded as women taking tamoxifen usually have a better prognosis and are more likely to survive long enough to develop diabetes. Third, information regarding the life style or behaviour of subjects is unavailable in the NHIRD, rendering it impossible to adjust for health-related behavioural factors, such as smoking and alcohol consumption, which can increase the risk of breast cancer (Gao et al, 2013) . Conversely, smoking is thought to be an independent risk factor for diabetes and light-to-moderate alcohol consumption was suggested to be associated with a reduced risk of diabetes (Hu, 2011) . Fourth, obesity is a well-known risk factor for both breast cancer and diabetes (Kim et al, 2012; Ligibel and Strickler, 2013) . In addition, breast cancer survivors have been shown to gain weight, and as many as 50-96% of women experience significant weight gain during treatment (Rock and DemarkWahnefried, 2002) , which is associated with adverse health consequences, including diabetes (Vance et al, 2011) . The NHIRD, however, does not provide body weight or body mass index information, and we were unable to conduct sophisticated tests by adjusting for these variables. Fifth, the NHIRD lacks oestrogen receptor status, so we cannot provide more compelling evidence by testing tamoxifen as a risk factor for diabetes among age-adjusted oestrogen-receptor-positive cancer patients. Sixth, the family history of diabetes and the history of gestational diabetes are also unavailable in the NHIRD, so we cannot adjust their impact on the relationship between breast cancer and diabetes. Finally, menopause information is not recorded in the NHIRD; therefore, we could not precisely determine any distinct effects of tamoxifen on diabetes between premenopausal and postmenopausal women. We used 55 years as a cut-off age for analyses. Despite the limitations of the administrative data, the information regarding the use of tamoxifen in breast cancer patients and diabetes diagnoses were highly reliable.
In summary, women diagnosed with breast cancer exhibited a higher risk of subsequent diabetes development and tamoxifen might partially account for this increased risk. In addition to the possible common risk factors shared by breast cancer and diabetes, tamoxifen might link to diabetes through some plausible mechanisms. Although this potential side effect raises concerns, the benefits of tamoxifen in treating breast cancer are well established and far outweigh the potential risks. Additional large populationbased case-control studies are required to verify our findings before any confirmatory conclusion can be made.
